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SUMMARY 
The influence of airplane components. as well as wing location and 
tail length. on the rotational flow aerodynamics is discussed for a 
1/6-sca1e general aviation airplane model. The airplane was tested in a 
build-up fashion (i.e., body. body-wing. body-wing-vertical. etc.) in the 
presence of two wing locations and two body lengths. Data were measured, 
using a rotary balance, over an ang1e-of-attack range of 80 to 900 , 
and for clockwise and counter-clockwise rotations covering an Db/2V range 
of 0 to 0.9. 
The vertical tail, in the absence of the low horizontal tail, 
provided yaw damping through 90 0 angle of attack. The addition of the 
horizontal tail, in the presence of a low wing, decreased the vertical 
tail's damping effectiveness above 30 0 angle of attack, such that the 
damping was entirely negated by 40 0 angle of attack and the vertical 
tail became propelling beyond o an angle of attack of 40 • This adverse 
horizontal tail interference was reduced or eliminated between 300 and 
600 angle of attack by vertically relocating the wing. Shortening the 
tail moment arm also significantly minimized the adverse horizontal tail 
interference at low rotation rates up to 90 0 angle of attack. The 
influence of these geometric changes on horizontal tail interference 
would not be predicted by existing tail design criterion and could only 
be discerned through rotary balance testing. 
The wing and horizontal tail determined the airplane's pitch 
characteristics both statically and with·rotation. Relocating the wing 
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or changing the aft body length produced a static pitch change, but had 
little effect on the rotational characteristics. This airplane's rolling 
moment properties were solely a function of the wing geometry. 
INTRODUCTION 
The NASA Langley Research Center is conducting a broad general 
aviation stall/spin research program, which includes spin-tunnel and 
free-flight radio-control model tests, as well as full-scale flight tests 
for a number of configurations typical of light, general aviation 
airplanes. As a part of this effort, rotary balance tests were conducted 
in the Langley Spin Tunnel to establish a rotational flow aerodynamic 
base for analysis of model and full-scale flight results. 
Rotary balance data were obtained for a representative, 
single-engine, general aviation model, referred to as model D. The test 
results were divided into three areas, each of which is discussed in a 
separate report. The aerodynamic effectiveness of the controls and their 
influence on predicted spin modes are discussed in reference 1. Reference 
2 discusses the effect of horizontal tail location in the presence of 
each of two wing locations and two body lengths. This report presents the 
influence of each airplane component, as well as body length and wing 
location, on the rotational aerodynamic characteristics. The Appendix in 
each of these reports contains all the data. measured during the subject 
studies. 
SYMBOLS 
The units for physical quantities used herein are presented in the 
International System of Units (SI) and U.S. Customary Units. The 
measurements were made in the U.S. Customary Units. equivalent dimensions 
were determined by using the conversion factors given in reference 3. 
b 
c 
C 
m 
C 
n 
q 
S 
v 
a 
o 
wing span. m (ft) 
mean aerodynamic chord. cm (in.) 
Lift force lift-force coefficient. qS 
Normal force 
normal-force coefficient. qS 
axial-force coefficient. Axialq~OrCe 
Side force 
side-force coefficient. qS 
Rolling moment 
rolling-moment coefficient. qSb 
Pitching moment pitching-moment coefficient. qSc 
Yawing moment yawing-moment coefficient. qSb 
free-stream dynamic pressure. N/m3 (lb/ft 3 ) 
free-stream velocity. m/sec (ft/sec) 
angle of attack. deg 
angle of sideslip. deg 
angular velocity about spin axis. rad/sec 
spin coefficient. positive for clockwise spin 
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& 
a 
& 
r, 
aileron deflection, positive when right 
aileron is down, (& -& )/2, deg 
aright aleft 
horizontal tail deflection, positive when 
trailing edge is down, deg 
rudder deflection, positive when trailing 
edge is to left, deg 
Abbreviations: 
cg center of gravity 
SR spin radius 
TEST EQUIPMENT 
A rotary balance measures the forces and moments acting on a model 
while it is subjected to rotational flow conditions. Historical 
background for this testing technique is discussed in reference 4. A 
photograph and sketch of the rotary balance apparatus installed in the 
Langley Spin Tunnel are shown in figures 1 and 2, respectively. The 
system's rotary arm, which rotates about a vertical axis at the tunnel 
center, is supported by a horizontal boom and is driven by a motor 
mounted external to the test section. 
A NASA six-component strain gauge balance, affixed to the bottom of 
the rotary balance apparatus and mounted inside the model, is used to 
measure the normal, lateral, and longitudinal forces, and the yawing, 
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rolling, and pitching moments acting about the model body axis. Controls 
located outside of the tunnel test section are used to activate motors on 
the rotary rig, which position the model to the desired attitude. The 
angle-of-attack range of the rig is 0 0 to 90 0 , and the sideslip angle 
range is ±ISo. Spin radius and lateral displacement motors are used 
to position the moment center of the balance on, or at a specific 
distance from, the spin axis. (This is done for each combination of angle 
of attack and sideslip angle.) It is customary to mount the balance to 
the model such that its moment center is at the location about which the 
aerodynamic moments are desired. Electrical currents from the balance and 
to the motors on the rig are conducted through slip rings. Figure 2 
describes various components of the rig and shows how the rig is 
positioned in angle of attack and sideslip. 
The system is capable of rotating up to 90 rpm in either direction. 
A range of Ob/2V values can be obtained by adjusting rotational speed 
and/or tunnel air flow veiocity. (Static aerodynamic forces and moments 
are obtained when 0=0.) 
The data acquisition, reduction, and presentation system is composed 
of a 12-channel scanner/voltmeter, a mini-computer with internal printer, 
a plotter, and a CRT display. This equipment permits data to be 
presented via on-line digital print-outs and/or graphical plots. 
TEST PROCEDURES 
Rotary aerodynamic data are obtained in two steps. First, the 
inertial forces and moments (tares) acting on the model at different 
attitudes and rotational speeds must be determined. Ideally, these 
inertial terms would be obtained by rotating the model in a vacuum, thus 
eliminating all aerodynamic forces and moments. As a practical approach, 
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this is approximated closely by enclosing the model in a sealed spherical 
structure. which rotates with the model without touching it. such that 
the air immediately surrounding the model is rotated with it. As the rig 
is rotated at the desired attitude and rate. the inertial forces and 
moments generated by the model are measured and stored on magnetic tape 
for later use. 
The second step is to remove the enclosure and record force and 
moment data with the air on. The tares. measured in step one. are then 
subtracted from these data. leaving only the aerodynamic forces and 
moments. which are converted to ~oefficient form and stored on magnetic 
tape. 
MODEL 
A 1/6-scale model. representing a single-engine general aviation 
airplane. was constructed from foam/fiberglass and aluminum. A 
three-view drawing of the low-wing. short-body model is shown in figure 3. 
As shown. for these tests the horizontal tail was located in a low 
position. referred to as tail location 2 in reference 2. It was possible 
to mount the wing in either a low or high position. as shown in figures 3 
and 4. respectively. The body length could be varied by using an 
alternate aft fuselage section. For the long-body configuration. the 
vertical tail was moved aft and the fuselage was fa ired smoothly to the 
rudder. whose span was increased to the bottom of the fuselage. as shown 
in figure S. For both body configurations. the vertical-horizontal tail 
relationship remained unchanged. Dimensional characteristics of the 
model are given in Table I. A photograph of the model installed on the 
rotary balance in the Langley Spin Tunnel is presented in figure 1. 
TEST CONDITIONS 
The tests were conducted in the spin tunnel at a tunnel velocity of 
7.62 m/sec (25 ft/sec). which corresponds to a Reynolds number of 128.000 
based on the model mean aerodynamic chord. All the configurations were 
o 0 tested through an angle~of-attack range of 8 to 90 • at a zero 
o 
sideslip angle. For angles of attack above 30 • the spin axis passed 
through the cg location of 0.25c. and 9l.4cm(36 in.) forward 
o (full-scale) of the cg for angles of attack below 35 • Consequently. 
data were obtained for both a 0 and 91.4 cm spin radius at 300 and 
o 35 angles of attack. At each spin attitude. measurements were 
obtained for nominal Ob/2V values of 0.1. 0.2. 0.3. 0.4. 0.5. 0.6. 0.7. 
0.8. and 0.9. in both clockwise and counter clockwise directions. as well 
as for Ob/2V=0 (static value). 
DATA PRESENTATION 
All data measured for this study are presented in the Appen~ix. 
Table II identifies the configurations tested and their corresponding 
appendix figure numbers. The body-axis aerodynamic coefficients. plotted 
as functions of Ob/2V. are presented for each configuration in six 
7 
sequentially numbered figures in the following order: C , CI , C , n m 
CN' CY' CA' Each figure, in turn, consists of four pages, which 
present the subject aerodynamic coefficient vs Ob/2V for the following 
angles of attack and spin radii: 
a) a= 8, 10, 12, 14, 16 deg SR=91.4cm (36 in.) full scale 
b) a=18, 20, 25, 30, 35 deg SR=91.4cm (36 in.) full scale 
c) a= 30, 35, 40, 45, 50 deg SR=O 
d) a= 55, 60, 70, 80, 90 deg SR=O 
All moment data are present~d for a cg position of 0.25c. 
In addition to the data presented in the appendix, figures 6 through 
18 utilize some of the same data replotted for comparison of various 
configurations' moment characteristics. These plots are referenced in 
the following discussion to illustrate the influence of components, wing 
location, and body length. 
DISCUSSION 
.. 
The variation of the three aerodynamic moments with rotation 
determines the existence and nature of an airplane's spin modes. The 
source of these moment charac"ter is t ic s can be determined by examining the 
contribution of each airplane component. 
For analysis purposes, the rolling and yawing moment coefficients 
will frequently be referred to as damped or propelling with rotation. 
Moment data lying in the second and fourth quadrants, when plotted as a 
function of Ob/2V, are damped for a left and right spin respectively. 
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Conversely. data lying in the first and third quadrants are undamped 
(autorotative). 
Effect of Ca.poneDts 
To demonstrate the contribution of each airplane component to the 
three aerodynamic moments. component buildup plots are presented in 
figures 6 through 8 for the low wing. long body. low horizontal tail (tail 
2) configuration. This horizontal tail location was chosen for component 
testing because it was found to greatly influence the vertical tail's 
yawing moment contribution. as discussed in reference 2. 
Pitch Characteristics: 
The influence of each component on pitching moment is presented in 
figure 6 for selected angles of attack. The body's contribution to the 
static pitching moment coefficient is small. with little variation due to 
rotation. as seen in figure 6. The addition of the wing produces a 
negative C inorement that becomes more negative with angle of attack 
m 
and rotation. The addition of the horizontal tail produces a significant 
static nose-down increment. as expected. and the static pitching moment 
becomes increasingly more, nose-down with increasing angle of attack. The 
horizontal tail's negative C contribution also increases non-linearly 
m 
with rotation for angles of attack above 20 0 • This increase due to 
rotation is approximately the same as that of the wing. Additional 
analysis concerning the effects of the horizontal tail location on 
pitching moment is presented for this aircraft in reference 2. 
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Roll Characteristics: 
Figure 7 presents the component buildup plots of the rolling moment 
coefficient versus rotation rate. The body alone is neutral in roll for 
all angles of attack.As seen in this figure, the addition of the wing 
defines the total airplane's rolling moment characteristics, the 
vertical and horizontal tails contributing very little Cl , as is 
normally the case. 
At pre-stall angles of attack (e.g. figure 7a), the rolling moment 
is damped for all rotation rates. Following stall and persisting through 
o 25 angle of attack, the rolling moment is propelling at the lower 
Db/2V values, as shown in figure 7b at 20 0 • Autorotative rolling 
moments in the immediate post-stall angle of attack region are frequently 
experienced and may result in a rolling departure from controlled flight. 
These autorotative moments are caused by asymmetric stalling of the 
rotating wing. At 300 angle of attack (figure 7c), the rolling moment 
is damped with rotation, but by 40 0 and beyond (figures 7d-7g), the 
rolling moment is propelling for low rotation rates. 
Yaw Characteristics: 
Figure 8 presents the component buildup plots of yawing moment 
coefficient versus rotation rate. The body studied herein generates 
virtually no yawing moment at any angle of attack or rotation rate. The 
wing, however, does influence the yawing moment characteristics with 
rotation. The influence of the wing on yawing moment results from the 
angle of attack variation along the rotating wing, the angle of attack 
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increasing inboard of the fuselage and decreasing outboard. The wing's 
axial force component varies as a function of the wing angle of 
attack, as shown in figure 9, where positive CA indicates a force aft 
along the body axis. The difference in axial force between the two wing 
semi-spans produced by the angle of attack variation on a rotating wing, 
in turn, produces a yawing moment. If the inboard wing produces less 
axial force than the outboard wing, a damped yawing moment results, as 
seen at low Ob/2V for angles of attack below stall (e.g. figure 8a). At 
higher rotation rates, a significant portion of the inboard wing is above 
stall in a region of increasing axial force (figure 9), and a loss of 
damping results. As shown in figure 9, in the immediate post-stall 
angle-of-attack range, the inboard wing, operating at a higher angle of 
attack produces ~ore positive axial force than the outboard wing and, 
therefore, a propelling yawing moment, as seen in figure 8b at 200 • At 
higher angles of attack, damped yawing moments can again result if the 
inboard wing produces less axial force than the outboard wing. 
The vertical tail provides damped yawing moment increments that 
generally increase with increasing angle of attack and increasing 
rotation rate in the absence of a horizontal tail, as shown in figure 10. 
However, the addition of the low horizontal tail adversely influences the 
o 
vertical tail's yaw damping contribution above 30 angle of attack 
(figure 8c). By 400 (figure 8d), the presence of the horizontal tail 
completely negates the large damping contribution of the vertical tail. 
o Beyond 40 (see figures Se-Sg), the presence of the horizontal tail 
results in a propelling vertical tail contribution. The total airplane 
11 
yawing moment consequently becomes neutrally damped or autorotative for 
rotation rates between Ob/2V values of ±0.4 above 400 angle of attack. 
This phenomenon is apparently the result of an adverse pressure field 
generated by the outboard panel of the horizontal tail (see reference 4) 
and can be alleviated through the relocation of the horizontal tail with 
respect to the vertical. as discussed in reference 2. 
Effoct of Wina Location 
The effect of wing location on the aircraft moment data is 
illustrated for the long body airplane configuration in figures 11 
through 14. 
Pitch Characteristics: 
The variation of static pitching moment with angle of attack for 
the two wing locations tested is presented in figure 11. The only 
significant difference in the static pitching moment due to wing location 
is that the pitching moment for the high wing. airplane varies more 
linearly with angle of attack in the stall region. whereas the low-wing 
configuration exhibits a large nose-down pitching moment break at stall. 
The effect of rota Hon on the p itching moment coefficients for these 
two configurations is presented in figure 12 for selected angles of 
attack. The wing position did not significantly influence the rotational 
pitching moment characteristics. 
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Roll Charactoristics: 
Figure 13 presents a compariso~ of the high and low wing configuration 
rolling moment characteristics plotted as a function of Ob/2V. In 
general. below 25 0 angle of attack the location of the wing has a 
negligible effect on the rolling moment variation with rotation and has 
only a slight influence at 
Ya. Charactoristics: 
o 
angles of attack above 25 • 
The effect of rotation on the yawing moment for the high and low 
wing configurations is presented in figure 14. At 80 angle of attack 
(figure l4a). there is no difference between the yawing moment 
characteristics of the two wing locations. In the angle of attack region 
following stall. illustrated by figure l4b at 25°. the high wing 
configuration exhibits slightly more yaw damping than the low wing one. 
This difference in damping due to wing location becomes more pronounced 
with increasing angle of attack such that at 40 0 and 50 0 (see 
figures 14c and l4d. respectively) the high wing is significantly more 
damped than the low wing. Further increases in angle of attack diminish 
the damping advantage of the high wing location. o At 60 angle of 
attack (figure 14e). for example. the damping advantage of the high wing 
o is reduced. and by 80 (figure 14f). the high and low wing data are 
essentially the same. 
For this airplane. therefore. wing location influences the 
airplane's post stall yaw damping characteristics. The mechanism of this 
phenomenon is indicated in figure 15. As illustrated at 500 and 800 
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angle of attack, in the absence of the horizontal tail, the vertical tail 
contributes a significant damping increment which is unaffected by the 
vertical location of the wing. However, in the presence of the 
horizontal tail, the vertical tail's contribution is shown to be 
propelling rather than damping in this angle of attack region, as 
illustrated at 500 and 80 0 , for the low wing configuration. For the 
high wing location, the detrimental horizontal tail interference at 500 
angle of attack is completely eliminated for Qb/2V values less than 0.4. 
As one would suspect, wing location does not influence horizontal tail 
interference by 800 angle of attack. Therefore, although the vertical 
location of the wing does not directly influence the damping 
effectiveness of the vertical tail, it does so indirectly by influencing 
the level of adverse interference resulting from the presence of the 
horizontal tail. Obviously, the degree to which vertical wing location 
influences yaw damping depends on the level of adverse vertical tail 
interference associated with a given horizontal tail location which, as 
mentioned previously, was appreciable for the tail studied herein. The 
existing tail design criterion used for predicting satisfactory spin and 
recovery characteristics does not address this effect. Other 
shortcomings of the criterion are discussed in reference S. 
Bffect of Body Length 
The influence of tail moment arm on the three aerodynamic moment 
coefficients was determined by varying the body length, as shown in 
figure 4. Decreasing the body length decreases the nose down static 
14 
pitching moment contributed by the horizontal tail, as seen in figure 
16. The variation of pitching moment with rotation is, however, 
essentially unchanged with body length at all angles of attack (compare 
appendix figure AS7 with AIS). Body length also had no influence on 
rolling moment (compare appendix figure A56 with A14). 
At the lower angles of attack (So to 400 ), tail length 
has only a minimal influence on the yawing moment characteristics, as 
shown in figure l7a for 80 • o At 50 angle of attack and beyond, 
however, the short tail length configuration exhibits somewhat improved 
yaw damping compared to the long tail length configuration for Ob/2V 
o 0 
values between ±0.4 (see figure l7b and l7c at 60 and 90 angle of 
attack respectively). For higher rotation rates, the longer tail length 
provides better damping, as one would normally assume. The long tail 
configuration exhibits improved yaw damping for all rotation rates in the 
absence of the horizontal tail (figure 18). Apparently, the greater 
damping afforded by the increased moment arm is more than nullified by the 
resulting increase in horizontal tail interference also noted with the 
longer body. The beneficial effect realized at low rotation rates by 
shortening the tail approximately 10 percent is significant because the 
short tail length configuration is damped at all rotation rates for 
angles of attack between 50 0 ~nd 90 0 , whereas the long tail length 
configuration is propelling at low rotation rates over the same angle of 
attack range. Again, the existing tail design criterion would not have 
properly predicted the influence of tail moment arm on tail damping. 
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CONCLUDING REMARKS 
The influence of components. including the effect of wing location 
and body length. on the rotational flow aerodynamics of general aviation 
model D. configured with a low horizontal tail. is summarized below. 
o For the baseline configuration (low wing. long body). 
the wing. and vertical tail (in the absence of a low 
horizontal tail) generally provided damping in yaw 
o 0 through 90 angle of attack. However. above 30 angle 
of attack. the addition of the horizontal tail decreased the 
vertical tail's damping effectiveness. such that the damping was 
completely negated at 400 angle of attack and propelling 
beyond an angle of attack of 400 • Consequently. the 
baseline airplane exhibited autorotative yawing moments above 
o 40 angle of attack. 
o Although the vertical location of the wing did not directly 
influence the damping effectiveness of the vertical tail. it 
does so indirectly by influencing the level of adverse in-
terference resulting from the presence of the horizontal tail 
in the 300 to 600 angle-of-attack region. This adverse 
horizontal tail interference was reduced or eliminated by 
locating the wing in the high position. Shortening the 
tail moment arm was also found to be beneficial relative 
to minimizing the adverse horizontal tail interference 
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and consequently improving the yaw damping in the 500 to 
900 angle of attack range for Ob/2V magnitudes less than 0.4. 
The improvements in yaw damping realized with these geometric 
changes would not have been predicted by existing tail design 
criterion and could only be discerned through rotary balance 
testing. 
o The airplane's pitch characteristics, both statically 
and with rotation. were determined by the wing and horizontal 
tail. Both contributed nose-down pitching moments that 
became more nose-down with increasing angle of attack 
and rotation rate •. 
o The static pitching moment· was. obviously. influenced by 
wing position and tail moment arm. However. the incremental 
nose-down pitching moment due to rotation remained essentially· 
unchanged for both the high and low wing locations, as well as 
for the long and short fuselage lengths. 
o The rolling moment characteristics were determined entirely by 
the wing geometry and were not influenced by vertical wing 
location or tail moment arm length. 
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE BASIC MODEL 
Overall length, short fuselage, m (ft) 
Overall length, long fuselage, m (ft) 
Wing 
Span, m (ft) 
Area, m2 (ft 2) 
Root chord, cm (in.) 
Tip chord, cm (in.) 
Mean aerodynamic chord, cm (in.) 
Leading edge of a, distance rearward of 
leading edge of root chord, cm (in.) 
1.3 (4.3) 
1.425 (4.675) 
1.8 (5.91) 
0.448 (4.825) 
26.7 (10.5) 
17.9 (7.03) 
24.5 (9.64) 
5.44 
Aspect ratio 
Taper ratio 
· . . . . . . . . . . . . . . . . . 
(2.14) 
7.24 
0.67 
7 
1.5 
· . . . . . . . . . . . . . 
Dihedral, low wing, deg 
Dihedral, high wing, deg 
Incidence: 
Root, deg · . . . . . . . . . . . . 2.0 
-1.0 Tip, deg 
Airfoil section: 
Root 
Tip 
Horizontal tail 
Span, m (ft) 
Area, m2 (ft2) • 
Aspect ratio 
Airfoil section. • 
vertical tail 
Area, m2 (ft2) 
Sweep at leading edge 
Aspect ratio 
Airfoil section 
. . . . . . . . . . . 
NASA 65 2 415 
NASA 65 2415 mod 
0.508 (1.67) 
0.065 (.696) 
4.0 
NACA 0012 
0.03 (.328) 
33.9 
1.47 
NASA 63A012 
19 
TABLE II.- CONFIGURATIONS TESTED AND FIGURE INDEX 
A con ~gurat~ons teste t roug ex= to 0 at 8=0 11 f' d h h 80 9 0 0) 
CONFIGURATION SHORT TAIL FIG. NO. LONG TAIL FIG. NO. 
LOW WING 
Body A3l-A36 
Body, wing A37-A42 
Body, wing, vertical Al-A6 A43-A48 
Body, wing, horizontal A7-A12 A49-A54 
Complete configuration A13-A18 A55-A60 
HIGH WING 
Body, wing A6l,-A66 
Body, wing, vertical A19-A24 A67-A72 
Complete configuration A25-A30 A73-A78 
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Figure 1.- Photograph of 1/6-scale model installed on 
rotary balance apparatus in the Langley 20-ft spin 
tunnel. 
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Spin axis 
A Slip ring housing 
.B Drive shaft 
C Support boom 
D Spin' radius offset 
potentiometer 
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G Angle of attack 
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(a) Side view of model. 
Figure 2.- Sketch of rotary balance apparatus. 
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potentiometer 
Strut 
Sideslip angle 
potentiometer 
Sideslip angle 
positioning motor 
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Velocity vector f 
(b) Front view of model. 
Figure 2.- Concluded. 
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Figure 3.- Three-view drawing of l/6-scale low wing, short body 
configuration. Center of gravity positioned at O.25~. 
Dimensions are given in centimeters (inches), model scale. 
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Figure 4.- Three-view drawing of 1/6-scale high wing, short body 
configuration. Center of gravity positioned at O.25c. Dimen-
sions are given in centimeters (inches), model scale. 
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Figure 5.- Comparison of l/6-scale long and short body configurations. 
Dimensions are given in centimeters (inches), model scale. 
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Figure 6.- Effect of components on pitching-moment coefficient. 
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Figure 6.- continued. 
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c) 300 angle of attack. 
Figure 6.- continued. 
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Figure 6.- Continued. 
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Figure 6.- Continued. 
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Figure 6.- Concluded. 
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a) SO angle of attack. 
Figure 7.- Effect of components on rolling-moment coefficient. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued~ 
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Figure 7.- Concluded. 
a) 80 angle of attack. 
Figure 8.- Effect of components on yawing-moment coefficient. 
b) 200 ~ngle of attack. 
Figure 8.- continued. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 
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Figure 8.- Concluded. 
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Figure 9.- static wing axial-force coefficient as a function 
of angle of attack. 
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Figure 10.- Vertical tail effectiveness in the presence of the body-wing at various 
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n
= en (body-wing-vertical) minus en (body-wing). 
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Figure 11.- Static pitching-moment coefficient as a function of angle of attack 
for the high and low wing configurations. 
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a) 80 angle of attack. 
Figure 12.- Effect of wing location on pitching-moment coefficient. 
b) 25° ang~e of attack. 
Figure 12.- Continued. 
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c) 400 angle of attack. 
Figure 12.- Continued. 
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Figure 12.- continued. 
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Figure 12.- Concluded. 
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Figure 13.- Effect of wing location on rolling-moment coefficient. 
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Figure 13.- continued. 
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Figure 13.- Continued. 
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Figure 13.- Continued. 
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Figure 13.- Concluded. 
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Figure 14.- Effect of wing location on yawing-moment coefficient. 
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Figure 14.- Continued. 
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Figure 14.- Concluded. 
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Figure 15.- Influence of horizontal tail on vertical tail effectiveness 
for the high and low wing positions. 
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Figure 15.- Concluded. 
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for the long and short body configurations. 
0 p 
r-- - f -H-,-+- - i ~I-r- +t--+ H+ -- - -- +I-+-I-I-+-I+,H- - ;-~:t tt
,
- lTit :- --l-1 t-+-++++--_.+--'I--++-+++-+,_IH, - ++ ..... -+--+-111-H-+-tt--+-+--'j--t-H-t--+++-'+_-+ --i-f-, -t : H- -+-i-l-~_l-++-+_-I+_-+-+n-;"~'-t+' 1-Ti-';_++-+-I'_+-H -.L.-.f--+-l--l-r H+H--t -+-, +, +++ ,I 1 r +- ~+-+-+-~--I-I--H--+-+-+-i-l--I++-+--4+-f--+-+-l-+-+-+-I-l~-j±~"---~ -t+t-, FFR=- , r++t+ + H-, ++++M--t'+ +- +++--:-I++- . ~ r-!+I+H-t+++++I--H-l--l-+f--I.--f-:-r--+-
-H_+j~~ttttti't-:':·+4~_~i-jjj'j=+'f---L~, +-+-+++-l--F;- +t-+-t-+++t,-H--+-I++-+,+ i--!--t-+-,-t-;'-+-, ++ f-L;- -4~+ ~R= t =t' + ++-+--+-+-I--l-r--l~'l-+-t-+-+-4-1-I-++,-+-+,-I. -1--1-+-1-1-1
,
- i+ 
+i-1:=J-..::t.i.t+~tttt~~jjj:j:t:tttt, ~jjjj::r'+++-H-1-+++++-f--.f--HI---H-+-+,-t-++ -+- f+ H+H -H- 1 - -+++-+-I-+·I-H-+-++I,- +-
-W-!--l-+-H--I--!--I-+O-+--t'--!- - -++-1-1-+, - - -1- +- -- + -I- - -~ H+± -H - - H- - - +-+-f-+-- I- - --+- -' -- --1-+---I-+--!--.I-I-+-+-+-+'-+-I--+-I-I-+-l-+--!-+--+~~-'-':"'+I--++-'~"-ti-t--l--r---j,--++ -t--t-t-+-+-H-+-t-+-H-+-+_t+-t-+, +.I--t--I--t--t-:t~f·j~;t-t!::-I+++ii,i~s+::~l~+-;t-Li--.f-I--+-t-+-f-+-t-_+I-tti+"::l-~-I+++_-i.+,_ t~;+J~-t::-t2:C::-+-t~..7-tj-~'::-+-+-+-+-++_+l--+-+~+--jt..4 
+-+-+-1-, -H~,'+++ H-+-I--+-H-+-+++++i-HI--+-+-+t+++++ +++++-+-+-H-t+++, -+, -t 1--l--I---l-I--I--+--I--I':...f-t--I-+-+-++.J,-1-I-I-++-I-i-I--I--+-+.J,-I--I-I-+-+-I--I--+-l-l--l , 
-1--I....;...-1-1-H-++: +' --t +·-I-++-l-t--lH+ 
~.J·44-+-+--l-f--I-~+-++-+~4--I-I-i~-
+-t-+--t-+-l-
+ +-+-+-+---I-++-+--j--!I-+-H +--1-+-+-++- +-+-++~~I-I-+-+-+-~+++-H~+++++++-+++-+-++++ +-+-++++-+-+--+-+++-+-+-++--I-I--I--I-+-+++-+-I-I--I-+-I---I--II--I-++-+++-+-I-+-+ 
: I : ! r I f~-+'-~'~~~, ~++i ~.~-!--I--j--!f--I-+-+-+-'-+-++-I-I-+-+++4--I-+-I-I-++~,-~ I--+-~+-!--I--l,--!---i-+t-++t-HI--I-' +-++- ff tt-l,--t-\ +-+-+-+, ++--H-I-+-+-+++t+..,I--1-+-++-+++-+-I-+-++.+ I ~ ~j--!--+-+-t-++-r+t++++-l-+-+-++++-+,-+-H-+-++++ 
1--+--+-++-+- , ,;I;-++-t-t-~"i-+-.f-+-+++t--+-+--j Hf+- 1-+ +:-++++t ' , .. L."",.#t-+-I-l-'-!-i,:...f--rW-.H"''tt1;;.;.~",;",:,,,;,,,mj-!- _+-+++++-+-+--+-H-+-+~t--~ 
Gl--i:...+I--I--I---+;!dtttl-.. ~;"+-'-'t+---·I---l---I--f-+I--i' +ii-i--I ::tt~ P-+-l+ --t-t- I+'-t-i-- + '- I ·~-.I -t_+--++-t-+ +-1--+-1 .. ++---+-1-. +--L+-, 14-~H' -!--H++--J-+i""'H-l-+f1+++--+++tL1+-+-t--l-t--I--R+--+H-HRf-+-j---1---l=t=-t-t-t-++~+,++-1,t-+--tt;-;:+::f--!-~-+ = If '- -+- 'H ++ -- , -t- +-+-+-++++' t-t-t-Hc-t-t' +++ , H+++++-f-,H-l-++--I+-H--H-i-J--++ 
-+ I - : 'I " ' ii, : ti-+- 4- t-t-+-+-, --I-+-+-I-I-I-t-+-++-I--j--! ++++++-'-+ 
-++' -H -l-i-+-+-+-++-H -',I--I-+-+++++'~ 
~'+-I-~i-+--l+-l--+-I-" 1-+-++-+---,1-++-+--11--1-1,- + ~- -1-++ ; +++' +-t-+-t-+-~+-H--H+iH-+-1--+-+-j--l,-+!-i--++-I--I-+-l-1-H-++-H-f-,f+++++-H-1-H-+-4....;...-1-1--I-I-~' ++-+-If--I--I--+--+-++I- t+ 
• ~'~~,-~ fft-+-+-+-+-+--Iti'--I,-+I~?i'_ -~+.f-. ~- - + - ~-:-t, --+-f++' ++-_HI--l-t-P=H,--+-+j+I~=~'-- :-rtt --!--I-1H-+++-+-,HH~~++++-++-~-+-f.:::]:H'H~~:· ':-::::H-+tH+H-+-+-+-:~f::+-+::HHtttt-
+ IT -I i ++I=l--1t t-!- 1-1 ' ITT tit I ,+rT 
, -+1++ -+-+- -I- ++ --+1-+'++--+-+'-++ - [-!- --t+H- -' f-+- -+ l-+ +1-+ -tt' -H +-t- I I + 
, 1 1 ,-+-if--l-+-++-+-+-+....;--jf--l-+-+-++ +-+--+-+t-t+f--+i---++---I+-.Jt..1~tt-tf-.+f-.-++--+.f--++-It_ttt-:;"~+'~+---\+--++~t+i_J+'=t~J::-,'=1H ' , 1_ i--, I - +- '-J.-.;+' I 
I--_+-l-H--Ii-t-t-L--+,ctctj::ttttttt, +-_ttttt+-;f.-I--t-+ I+~-H-It f--H+ ,+ i --it - +++f-~+-, H'-+-++ - - + + - +++_+_tt H+ I+t-+++-+-++-H' +j--+ ti-
I I ' j...--l-+-' H-+-+-t-t-t-H-+-++-+-t--I-+-,I --ti-+++++~-+-+-t-++·+,-HH--~H- +t -+-H-+-++I--W--+-+-+-l--l--j'i-,;..-I-W-- -. w..-+-+-+-l'-t-i-l--l--!-++-+,~'f--I-+--I-+-+++,Hi 
1--I-l--l-t-+-hH-+~+-++~-~~H~~++-HH--J-+++HH--1+++.f-,H-H--I-+-l+i--J-+.~+tti~t-t~~+tt!~~twjttt~~tt~~J~tt~~tt~~tt~~tttq~ I--+--+-+-+-I-I--I-I-i~-i' . -1- +-1--l~I-+-+-I-+-+, -1-++ '-H-++-l--l-+-+-+-+--+-i-t-f--l-H-++' +-+++-t--I--H-H-t-lH-H-++++-t -, -+-l-l-f++-I-+-+-t-+++ I-l--H-t--I,--l-+-+++-+-i,--+-I--'~ 
a) 80 angle of attack. 
Figure 170- Effect of tail length on yawing-moment coefficient. 
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Figure 18.- Influence of body length on yawing moment in the absence of a horizontal tail 
for various angles of attack. Incremental C = C (long body-wing-vertical) minus Cn (short body-wing-vertical). n n 
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